Background Secondary hyperparathyroidism (SHPT) is a serious and common complication in patients receiving peritoneal dialysis (PD). Cinacalcet is currently the recommended therapy for SHPT; however, gastrointestinal (GI)-related symptoms can result in low adherence and high discontinuation rates. Evocalcet is a novel calcimimetic agent that has non-inferior efficacy while providing a more tolerable safety profile. Methods This was a multicenter, intra-subject dose-adjustment treatment study evaluating the efficacy and safety of 1-8 mg evocalcet orally administered once daily for 32 weeks for the treatment of SHPT in PD patients. Patients then entered a 20-week extension period (dose range 1-12 mg). The primary endpoint was the proportion of patients who achieved a mean intact parathyroid hormone (iPTH) level of 60-240 pg/mL during the evaluation period (weeks 30-32). Secondary efficacy endpoints included the proportion of patients achieving ≥ 30% decrease in iPTH levels. Results A total of 39 Japanese PD patients with SHPT received evocalcet. The target mean iPTH level of 60-240 pg/mL was achieved by 71.8% (28/39) of patients during the evaluation period and 83.3% (20/24) of patients at week 52. The proportion of patients who achieved ≥ 30% decrease in iPTH levels from baseline was 74.4% (29/39) during the evaluation period and 87.5% (21/24) at week 52. Adverse drug reactions occurred in 46.2% (18/39) of patients, with most being of mild-to-moderate severity including GI-related events. Conclusion This study shows the long-term efficacy and safety of evocalcet when orally administered to PD patients with SHPT once daily. Clinical trial registration ClinicalTrials.gov: NCT02549417, https ://clini caltr ials.gov/ct2/show/NCT02 54941 7; JAPIC: JapicCTI-153016, http://www.clini caltr ials.jp/user/showC teDet ailE.jsp?japic Id=Japic CTI-15301 6.
Introduction
The number of patients receiving chronic dialysis therapy is increasing every year and exceeded 2 million people worldwide in 2010 [1] . Of these, the number of patients receiving peritoneal dialysis (PD) was 196,000 [2] . In Japan, there are currently over 300,000 patients receiving dialysis therapy, 1 3 and approximately 9000 (2.7%) of these cases are for PD [3] . Secondary hyperparathyroidism (SHPT) is a serious complication in patients receiving hemodialysis (HD) or PD. There are no significant differences in the mechanism of onset and pathological state of SHPT between patients receiving HD and PD. Therefore, these patients receive similar treatments, including cinacalcet hydrochloride (cinacalcet), active vitamin D, and phosphate binders [4] . Because of the nature of PD, oral treatments are the preferred route of administration instead of intravenous injection. Currently, cinacalcet is the only oral calcimimetic agent approved for SHPT patients receiving PD. However, cinacalcet is associated with gastrointestinal (GI)-related symptoms as well as pharmacologic issues, such as cytochrome P450 (CYP) 3A4-mediated metabolism and CYP2D6 inhibition.
Evocalcet, a novel oral calcimimetic agent, is an allosteric modulator that acts on the calcium-sensing receptors on the membrane of parathyroid cells to suppress parathyroid hormone (PTH) secretion [5] . Compared with cinacalcet, evocalcet has non-inferior efficacy and a lower incidence of GI-related adverse events (AEs), and a clinical trial in HD patients showed it to be a more tolerable therapy in comparison [6] . In a previous phase I study, the safety, pharmacokinetics, and pharmacodynamics of a single oral dose of evocalcet in SHPT patients receiving PD (n = 9) was evaluated (unpublished data, NCT02143271; JapicCTI-142537). This open-label, multicenter, single-dose study showed that evocalcet effectively decreased intact PTH (iPTH) and serum calcium levels in PD patients. Additionally, because there was no drug clearance by dialysis, there were no marked differences in the plasma concentration of evocalcet and other pharmacokinetic parameters when compared with a similar previous clinical study in SHPT patients receiving HD [7, 8] .
The present phase III study aimed to assess the efficacy and safety of evocalcet orally administered once daily for 32 weeks in Japanese PD patients with SHPT. The study also examined the long-term safety and efficacy of treatment with evocalcet by continuing the treatment for an additional 20 weeks after completion of the initial 32-week trial period.
Methods

Patients
Patients were enrolled in this phase III study based on the following inclusion criteria: age ≥ 20 years, stable chronic kidney disease with a history of PD for ≥ 16 weeks before screening, iPTH level of > 240 pg/mL at screening, and a corrected serum calcium level of ≥ 8.4 mg/dL at screening. Corrected serum calcium was calculated as follows: if serum albumin was < 4.0 g/dL, then corrected serum calcium (in mg/dL) = serum calcium (in mg/dL) + [4.0 − serum albumin (in g/dL)]; if serum albumin was ≥ 4.0 g/dL, then corrected serum calcium = serum calcium [9] .
The exclusion criteria were as follows: use of cinacalcet within 2 weeks before screening; change in dose or dosing regimen of an activated vitamin D drug or its derivative, phosphate binder, or calcium preparation within 2 weeks before screening; treatment with bisphosphonates, denosumab, or teriparatide within 24 weeks before screening; and parathyroidectomy within 24 weeks before screening. Patients requiring concomitant HD or hemodiafiltration, or with changes in their dialysis condition (type of dialysis, such as continuous ambulatory PD, or automated PD; dialysate calcium level; the frequency of daily exchanges; and the volume of dialysate retained per session) within 4 weeks prior to screening were excluded.
Study design
This was a phase III, multicenter, open-label, intra-subject, dose-adjustment study that aimed to determine the efficacy and safety of evocalcet orally administered once daily in PD patients with SHPT (Fig. 1a) . The study consisted of a 30-week dose-adjustment period (weeks 0-30) and a 2-week evaluation period (weeks 30-32). Patients could withdraw from the study at week 32 prior to initiation of a 20-week extension period (weeks 32-52) of evocalcet orally administered once daily to evaluate the long-term safety and efficacy of evocalcet.
Patients self-administered evocalcet once daily over the treatment period with the primary aim of maintaining an iPTH concentration between 60 and 240 pg/mL based on the target range proposed by the Japanese Society for Dialysis Therapy [10] . A pill count was performed to confirm patient compliance. The starting dose was set at 1 mg evocalcet or 2 mg evocalcet if patients had an iPTH concentration of ≥ 500 pg/mL and a corrected serum calcium concentration of ≥ 9.0 mg/dL at the time of the screening.
To maintain an iPTH concentration of 60-240 pg/mL, the following dose-adjustment criteria determined whether the evocalcet dosage was increased or decreased during the treatment period: the dosage of evocalcet was increased to a maximum of 8 mg once daily during the dose-adjustment period and to a maximum of 12 mg during the extension treatment period by increments of 1 mg if the current dosage was maintained for at least 4 weeks, the iPTH concentration was > 240 pg/mL, the corrected serum calcium level was ≥ 8.4 mg/dL, or the investigator deemed a dose escalation likely to be safe. During the evaluation period, the dosage at the end of the dose-adjustment period was maintained. The dose of evocalcet was reduced in 1-mg increments if the iPTH concentration was < 60 pg/mL or if an AE that was determined to warrant an evocalcet dose reduction was present.
Treatment could also be temporarily interrupted for a maximum of 4 weeks if the corrected serum calcium level was ≤ 7.5 mg/dL or if the investigators judged that treatment should be interrupted based on safety concerns for the patient. Resumption of interrupted treatment was based on the corrected serum calcium levels increasing to ≥ 8.4 mg/dL. The concomitant use of cinacalcet, bisphosphonates, denosumab, and teriparatide was prohibited throughout the study. Changes in medications, such as active vitamin D preparations and their derivatives, phosphate binders, and calcium preparations, were permitted (type, dosage, and mode of administration) from start of treatment through to week 52. Dialysis type, frequency, and dialysate volume retained could also be changed after the study commenced. However, dialysate calcium levels could not be changed until week 32, but could be altered during the extension period.
Biochemical determinations
All biochemical tests were performed in central LSI Medience Corporation (Tokyo, Japan) laboratories. Intact PTH was measured using electrochemiluminescence immunoassay (ECLusys PTH; Roche Diagnostics K.K., Tokyo, Japan). Intact fibroblast growth factor 23 (FGF23) was measured using enzyme-linked immunosorbent assay (FGF-23 ELISA Kit; KAINOS Laboratories, Inc., Tokyo, Japan). All biochemical determination tests were performed before administration of evocalcet on scheduled visits.
Efficacy analysis
The primary efficacy endpoint was the number and percentage of patients who achieved a mean iPTH concentration of 60-240 pg/mL during the evaluation period (weeks 30-32). The mean iPTH concentration was determined at weeks 30 and 32. The secondary efficacy endpoints included the mean percentage change in iPTH concentration during the evaluation period from baseline, and the number and percentage of patients who achieved a ≥ 30% decrease in iPTH concentration during the evaluation period from baseline.
The mean ± standard deviation (SD) iPTH concentration (pg/mL), corrected serum calcium concentration (mg/dL), serum phosphorus concentration (mg/dL), whole PTH concentration (pg/mL), ionized calcium concentration (mEq/L), intact FGF23 concentration (pg/mL), corrected serum calcium-phosphorus product (mg 2 /dL 2 ), bone metabolism markers (bone-specific alkaline phosphatase [BAP], tartrateresistant acid phosphatase 5b [TRACP-5b], and total procollagen type 1 intact N-terminal propeptide [P1NP]) were also assessed.
Safety analysis
Safety endpoints included recording AEs, drug-related AEs, GI-related AEs, clinical laboratory values (e.g., corrected serum calcium concentrations), body weight, vital signs, and 12-lead electrocardiogram (ECG). All tests were performed before administration of evocalcet on the visit day, except for the plasma drug concentration measurement, which was scheduled 2 h after administration of evocalcet at weeks 16 and 24.
Statistical analysis
The sample size was determined, based on feasibility, to be 30 as the number of patients on PD from whom information on the efficacy and safety of evocalcet could be obtained. The target sample size of 30 patients allows for a 95% confidence interval (CI) of 31.3-68.7% when the primary endpoint, namely, "the number and percentage of patients who have achieved the mean iPTH level of 60-240 pg/mL during the evaluation period", is 50% (15 patients), which represents the maximum width of the CI.
Categorical data were summarized as frequency and percentage, and continuous data were summarized in descriptive statistics; i.e., number of patients, mean ± SD, minimum, or median (interquartile range). Interquartile range was calculated as the third quartile (Q3) minus the first quartile (Q1).
The efficacy analysis was carried out using the full analysis set of patients who enrolled in the study and who received evocalcet at least once and had iPTH levels measured at least once after the study began. In addition, an adhoc analysis was performed on levels of intact FGF23 and other biochemical markers using the Wilcoxon signed-rank test and a t test. The safety analysis was carried out using the safety analysis set, which included patients enrolled in the study, and who were administered evocalcet at least once.
Results
Patient background
Written informed consent was obtained from 52 PD patients with SHPT. Of these, 10 were judged to be ineligible for enrollment, and a total of 42 patients were subsequently enrolled. Three patients were withdrawn from the study before starting treatment due to one instance each of eligibility violation, physician decision, and patient withdrawal. The demographics of all patients who began the study (n = 39) are presented in Table 1 .
Of the 39 patients, 29 (74.4%) patients were receiving continuous ambulatory peritoneal dialysis (CAPD) and 10 (25.6%) patients were receiving automated peritoneal dialysis (APD). Two patients (5.1%) had a mean daily urine volume < 100 mL. Thirty-nine patients who received evocalcet were included in the safety analysis with a mean ± SD duration of treatment of 43.7 ± 12.5 weeks, and a mean daily dose of 2.3 ± 2.5 mg at week 52. The mean iPTH concentration at baseline was 465.7 ± 281.6 pg/mL, and the mean corrected serum calcium concentration at baseline was 9.13 ± 0.50 mg/dL. In total, 31 patients (79.5%) completed the study up to week 32, and 24 patients (61.5%) completed the study up to week 52 (Fig. 1b) . The mean daily dose of evocalcet and the dose distribution over the course of the study are shown in Fig. 2 .
Efficacy analysis
With respect to the primary endpoint, 28 patients (71.8%, 95% CI 55.1-85.0%) achieved mean iPTH concentrations within the range of 60-240 pg/mL during the evaluation period (weeks 30-32), and 20 patients (51.3%) achieved the target iPTH concentration range at week 52 (Table 2) . After excluding those patients who did not complete the 52-week study, 83.3% of patients at week 52 (20/24 patients) achieved iPTH levels of 60-240 pg/mL.
Analysis of the secondary efficacy endpoints showed that the mean percent change in iPTH concentration from baseline was − 64.4 ± 26.0% during the evaluation period (weeks 30-32) and − 63.5 ± 22.3% at week 52 ( Table 2 ). The mean iPTH levels were 465.7 ± 281.6 pg/mL at baseline, 132.8 ± 62.4 pg/mL at week 32, and 132.0 ± 61.3 pg/mL at week 52 ( Table 2 ). The time-course change of iPTH concentration during the study is shown in Fig. 3a . In addition, the proportion of patients who achieved ≥ 30% decrease in the concentration of iPTH from baseline during the evaluation period (weeks 30-32) was 29 patients (74.4%, 95% CI 57.9-87.0%) and 21 patients (53.8%) at week 52 (Table 2) . After excluding those patients who did not complete the 52-week study, 87.5% of patients (21/24 patients) achieved a ≥ 30% decrease in the concentration of iPTH from baseline at week 52.
The mean whole PTH levels displayed a similar trend, with a baseline level of 189.8 ± 96.7 pg/mL, which decreased to 63.0 ± 28.7 pg/mL at week 32 and was 67.7 ± 32.4 pg/mL at week 52 ( Table 2) .
The corrected serum calcium levels initially decreased from baseline until week 2 and then remained stable thereafter (Fig. 3b) . The mean corrected serum calcium levels were 9.13 ± 0.50 mg/dL at baseline, 8.71 ± 0.66 mg/dL at week 32, and 8.60 ± 0.53 mg/dL at week 52 ( Table 2 ). The mean ionized calcium levels showed minimal differences throughout the study. At baseline, the mean levels of ionized calcium were 2.28 ± 0.17 mEq/L, 2.20 ± 0.17 mEq/L at week 32, and 2.18 ± 0.12 mEq/L at week 52 (Table 2) .
Throughout the study, the serum phosphorus levels showed scattered fluctuations (Fig. 3c) . However, these levels generally remained constant throughout the study period, showing minimal differences between baseline (4.86 ± 1.07 mg/dL), week 32 (4.79 ± 1.40 mg/dL), and week 52 (4.48 ± 1.10 mg/dL). The median (interquartile range) intact FGF23 level was 5770 (11,480) pg/mL at baseline; this decreased to 5090 (14,244) pg/mL at week 32, and was significantly decreased (P < 0.05) to 5035 (9672) pg/mL at week 52 (Table 2) . The concentrations of mean bone turnover markers BAP, TRACP-5b, and total P1NP decreased from 17.57 ± 10.38 µg/L, 646.7 ± 338.3 mU/dL, and 282.9 ± 211.3 µg/L at baseline, respectively, to 12.14 ± 4.44 µg/L, 296.4 ± 134.9 mU/dL, and 240.7 ± 242.2 µg/L at week 32, respectively (Table 2) . Both BAP and TRACP-5b levels remained stable after week 32 and were 13.45 ± 4.96 µg/L and 301.2 ± 241.2 mU/dL, respectively, at week 52. In contrast, total P1NP levels continued to decrease and were 177.5 ± 156.4 µg/L at week 52. There were no significant differences in efficacy after subgroup analyses of patients stratified by type of dialysis, residual renal function, history of prior cinacalcet treatment, and starting dose of evocalcet (data not shown).
Safety analysis
AEs were observed in 39 patients (100%). Corrected serum calcium decreased in seven patients (17.9%), and hypertension occurred in seven patients (17.9%) ( Table 3) . Adverse drug reactions were observed in 18 patients (46.2%). AEs related to decrease in serum calcium concentrations (coded as MedDRA Preferred Terms "corrected calcium decreased" and "blood calcium decreased"), which occurred in nine patients (23.1%), were the most common ( Table 3 ).
AEs that were classified as serious occurred in 16 patients (41.0%). Serious AEs not considered related to the study drug occurring in ≥ 5% of patients included peritonitis (four patients, 10.3%), catheter site infection (three patients, 7.7%), and angina pectoris (two patients, 5.1%). Severe AEs included one subject experiencing an altered state of consciousness, which resulted in death; however, a causal relationship with evocalcet was ruled out. Regarding the incidence of GI-related AEs (nausea, vomiting, abdominal discomfort, abdominal distension, and decreased appetite), vomiting occurred in only three patients (7.7%). Vomiting was classified as a drug-related AE in one patient (2.6%). No other measure (12-lead ECG, laboratory parameters, body weight, or vital signs) showed clinically significant or specific trends.
Discussion
This was the first study evaluating the long-term efficacy and safety of evocalcet in Japanese PD patients with SHPT. The results show that evocalcet is an efficacious treatment in Japanese PD patients with SHPT, as observed by the high proportion of patients (71.8%, 95% CI 55.1-85.0%) who achieved a mean iPTH level of 60-240 pg/mL during the evaluation period (weeks 30-32). In a recently published study, a high proportion of patients undergoing HD also achieved the target iPTH concentration [6] ; therefore, Table 2 Efficacy results Data are shown as n (%), mean ± SD, or median (interquartile range), as appropriate. Interquartile range was calculated as the third quartile (Q3) minus the first quartile (Q1) BAP bone-specific alkaline phosphatase, FGF23 fibroblast growth factor 23, iPTH intact parathyroid hormone, PTH parathyroid hormone, P1NP procollagen type 1 intact N-terminal propeptide, TRACP-5b tartrate-resistant acid phosphatase 5b, SD standard deviation * P value < 0.05, ** P value < 0.01 vs. baseline a Treatment goal recommended by Japanese guidelines: between ≥ 60 pg/mL and ≤ 240 pg/mL evocalcet is considered to be equally efficacious for both HD and PD. When evaluating the proportion of patients who achieved the target iPTH concentration at week 32 and at the end of this study (week 52), there was a reduction in the proportion of patients achieving the target iPTH concentration range. This is related to the inclusion of patients that withdrew from the study. When excluding those who discontinued Phosphorus control is important for PD patients as well as HD patients given its association with an increased risk of death [11] . Therefore, the efficacy of evocalcet is supported by the stable phosphorus levels observed in this study. These stable calcium and phosphorus levels were controlled through the appropriate dose-adjustment of not only evocalcet, but also of other relevant concomitant drugs.
In a previous report, intact FGF23 levels decreased significantly with cinacalcet treatment [12] . In the present study, intact FGF23 decreased over time from baseline to week 52; however, this reduction was only minor, owing to the small number of patients included in the study and the large variation in intact FGF23 levels at baseline. In addition, a headto-head phase III study in SHPT patients receiving HD also showed that intact FGF23 decreased by a similar amount in both evocalcet and cinacalcet groups when the dose or dosing regimen of activated vitamin D drug or its derivative were not changed [6] . These results indicate that evocalcet treatment may reduce intact FGF23 levels independent of activated vitamin D, as was similarly shown with cinacalcet treatment.
In this study, the dose of evocalcet was adjusted to approximately 1-2 mg for most patients, as was also reported in our long-term phase III study in SHPT patients receiving HD [13] . Although the dose in one patient was increased to the maximum allowed dose of 12 mg, evocalcet was still well tolerated and no new safety concerns arose. The safety of evocalcet administration in PD patients was also shown by the absence of any severe adverse drug reactions. Evocalcet was also shown to be tolerable for patients with SHPT as evidenced by the absence of significant GI-related side effects as are commonly observed with the administration of calcimimetic agents. This is supported by a recent doubledummy, double-blind design study comparing evocalcet and cinacalcet [6] , showing that the overall incidence of GI-related AEs was lower in the evocalcet than in the cinacalcet group (59 patients [18.6%; 95% CI 14.5-23.3%] vs. 104 patients [32.8%; 95% CI 27.7-38.3%]).
Evocalcet has been developed as an oral drug and represents the possibility of being a superior alternative for the treatment of SHPT in PD patients [5] [6] [7] [8] [13] [14] [15] [16] . Although oral cinacalcet is reported to be an effective treatment for SHPT, the high frequency of GI-related AEs can cause poor adherence rates and drug discontinuation, thus preventing adequate treatment [17] . The low incidence of GI-related AEs reported in this study shows that evocalcet may be more tolerable and therefore more efficacious than other currently available therapies. In the context of calcimimetic drugs other than cinacalcet, the injectable therapy etelcalcetide is not currently approved for patients undergoing PD [18] [19] [20] [21] .
The results of this study should be considered in the context of its limitations-namely, the small number of patients enrolled, which was largely due to the low number of patients currently receiving PD in Japan [3] . This was also a single-arm study, and therefore, the superiority of evocalcet over cinacalcet could not be determined in SHPT 
Conclusion
In conclusion, this single-arm, open-label, dose-adjustment study of evocalcet administered once daily for 32 weeks, followed by an extension treatment for 20 weeks, showed that SHPT patients receiving PD achieved the target mean iPTH levels of 60-240 pg/mL. In addition, corrected serum calcium and serum phosphorus levels remained constant until week 52 with evocalcet administration. No new safety concerns, including GI-related AEs, were observed, and no severe adverse drug reactions were reported. Therefore, evocalcet can be considered a more tolerable option for SHPT patients and will contribute to enhancing treatment adherence and reducing discontinuation rates.
